Introduction {#sec1}
============

Nasopharyngeal carcinoma (NPC) is a highly invasive and frequently diagnosed cancer of the head and neck \[[@B1]\]. Apart from virus infections such as Epstein-Barr virus infection, environmental factors and genetic susceptibility contribute to NPC progression \[[@B2]\]. NPC rises from nasopharynx, and frequently invades to lymph nodes in the nearby region surrounding the neck \[[@B3]\]. Within the boundaries of the nasopharynx, NPC invades the adjacent anatomical spaces or organs of Rosenmuller\'s fossa, where the epicentre of the NPC often occurs \[[@B4]\]. Metastatic cancers impose more difficulties of treatment than non-metastatic ones \[[@B5]\]. Metastatic NPC greatly reduces the survival chance of advanced NPC patients \[[@B6]\]. Though early-staged and locally advanced NPC commonly have a good prognosis, for NPC patients with recurrence or metastasis, they have a median overall survival of about twenty months and also limited clinical options \[[@B7]\]. Surgical resection currently remains the main treatment for NPC patients with recurrence or metastasis \[[@B8]\]. Thus, the molecular mechanism of the metastasis of NPC cells should be explored so as to provide alternative strategies for the management of the cancer.

MiRNAs are a class of endogenous small non-coding genes that primarily exert its effects on post-transcriptional regulation and different biological processes \[[@B9]\]. Abnormally expressed miRNAs play pivotal roles in the development of many human cancers \[[@B10],[@B11]\]. Dysregulated miRNAs in most cancers induce the dysregulation of normal regulatory networks by functioning as tumor suppressors or oncogenes \[[@B12]\]. Mature miRNAs modulate the processes of gene expressions through targeting the 3′ untranslated regions (3′UTR) of downstream mRNAs and restraining protein translation or initiating mRNA degradation of many mRNA transcripts \[[@B13]\]. These molecules typically reduce the stability of mRNAs, including certain genes mediating tumorigenesis such as apoptosis and invasion \[[@B14]\].

Studies have demonstrated that miRNAs has diagnostic and therapeutic values for many cancers \[[@B15]\]. MiR-30e-5p, which is a newly cancer-related miRNA, plays a pivotal role in the progression of different cancers, such as in non-small cell lung cancer \[[@B18]\], colorectal cancer \[[@B19]\], bladder cancer \[[@B20]\]. However, the functional role of miR-30e-5p in NPC is less reported.

The present study first found that miR-30e-5p expression was closely related to metastasis and prognosis of NPC. As we went on investigating the effects of miR-30e-5p on NPC progression of NPC, we found its downstream target gene MTA1 and underlying mechanisms in NPC cells. The present findings provide a novel molecular target and related mechanisms for NPC treatment.

Materials and methods {#sec2}
=====================

Clinical specimens {#sec2-1}
------------------

Six-two NPC and adjacent normal samples were obtained from the Affiliated Hospital of Putian University between 02/14/2017 and 02/14/2019. All the patients were pathologically diagnosed as NPC, and no patients had received radiotherapy or chemotherapy before the surgery. All the patients signed the written informed consent before the surgery, and Research Ethics Committee of the Affiliated Hospital of Putian University (AHPU20170114342) permitted our study according to the Declaration of Helsinki \[[@B21]\]. The clinicopathological features of NPC patients are shown in [Table 1](#T1){ref-type="table"}.

###### The relationship between miR-30e-5p and clinical characteristics of NPC patients

  Characteristics               No. of patients (*n* = 62)   No. of patients   *P*   
  ----------------------------- ---------------------------- ----------------- ----- -------
  Age (years)                                                                        0.301
  ≤45                           30                           18                12    
  \>45                          32                           15                17    
  Gender                                                                             0.773
  Male                          35                           17                16    
  Femal                         29                           16                13    
  TNM stage                                                                          0.003
  I+II                          22                           6                 16    
  III+IV                        40                           27                13    
  Local or distant metastasis                                                        0.000
  No                            27                           5                 22    
  Yes                           35                           28                7     

Cell culture {#sec2-2}
------------

Human immortalized nasopharyngeal epithelial cell line (NP69) and five human NPC cell lines (5-8F, SUNE1, C666, 6-10B and HK1) were purchased from Shanghai Institute of Biological Sciences (Shanghai, China). All human NPC cells were cultivated in RPMI Medium 1640 (31800, Solarbio, China) with 10% fetal bovine serum (FBS). The NP69 cell was cultivated in serum-free medium (12753018, ThermoFisher, U.S.A.) containing all necessary growth factors (Gibco). In addition, 5-8F cell has highly tumorigenic and metastatic, and 6-10B cell has tumorigenic ability but lacks metastatic ability \[[@B22]\]. All the cells were maintained in an environment with 95% humidity and 5% CO~2~ at 37°C.

Cell transfection {#sec2-3}
-----------------

Before transfection, 5-8F and 6-10B cells (2.5 × 10^4^/well) were cultivated in six-well plates for 24 h. For miRNA transfection, miR-30e-5p mimics (miR10000692-1-5) and inhibitor (miR20000692-1-5), and the mimic control (miR1190315051351), inhibitor control (miR2N0000001-1-5) were purchased from RiboBio (Guangzhou, China). For MTA1 transfection, MTA1 cDNA was amplified by PCR and constructed into pcDNA3.1 vector (V79020, ThermoFisher, U.S.A.) to generate pcDNA-AKT2 overexpression plasmid. The empty MTA1 vector was considered as a negative control (NC) of pcDNA-MTA1. MTA1 siRNA (siG000219854B-1-5) and siRNA NC (siN0000001-1-5) were obtained from RiboBio (Guangzhou, China). Before cell collection, all the vectors were transfected into NPC cells for 48 h to up-regulate or down-regulate the expression of miR-30e-5p or MTA1 in NPC cells using Lipofectamine® 2000 Transfection Reagent (11668, ThermoFisher, U.S.A.).

Targeted relationship prediction and dual-luciferase reporter assay {#sec2-4}
-------------------------------------------------------------------

The potential relationship between miR-30e-5p and MTA1 was predicated using Targetscan7.2. The 3′UTR of MTA1 containing the predicted miR-30e-5p binding site was amplified by PCR and cloned into the downstream of the luciferase-coding sequence in the pGL3 (E1761, Promega, Madison, WI, U.S.A.) to form MTA1-wild-type (MTA1-WT) reporter vector. The putative binding site of miR-30e-5p in MTA1 was mutated using site-directed mutagenesis kit (Takara, Shiga, Japan), and the sequence of putative binding site was redefined as MTA1-mutated-type (MTA1-MUT).

NPC cells were co-transfected with the MTA1-WT or MTA1-MUT, and miR-30e mimics (5-8F cells), or inhibitor (6-10B cells) using Lipofectamine® 2000 Transfection Reagent. After transfection for 48 h, the cells were lysed and the relative luciferase activities of these cells were detected using Dual-Luciferase® Reporter Assay System (E1910, Promega). Firefly luciferase was normalized to Renilla luciferase for individual well.

Quantitative real-time polymerase chain reaction (qRT-PCR) {#sec2-5}
----------------------------------------------------------

Total RNAs were extracted from the cells or NPC tissues and corresponding normal tissues using TRIzol® Reagent (15596018, ThermoFisher, U.S.A.). For miRNA analysis, reverse transcription reaction and qRT-PCR of miR-30e-5p were performed by Hairpin-it ™ microRNA and U6 snRNA Normalization RT-PCR Quantitation Kit (E22001-E22010, GenePharma, Shanghai, China) in 7500 Fast Real-Time PCR System (Applied Biosystems, U.S.A.). The reaction parameters were set as follows: at 95°C for 3 min, 40 cycles at 95°C for 12 s, and at 62°C for 40 s. For the analysis of mRNA expressions, reverse transcription was performed by PrimeScript™ RT reagent Kit with gDNA Eraser (RR047A, Takara, Japan). QRT-PCR was performed in 7500 Fast Real-Time PCR System (Applied Biosystems, Foster City, CA, U.S.A.) using TB Green® Premix Ex Taq™ II (RR820Q, Takara). Conditions were set as follows: a predenaturation at 95°C for 30 min, followed by 40 cycles at 95°C for 5 s and at 60°C for 30 s, followed by melt curve conditions at 95°C for 5 s, at 60°C for 1 s, and annealing at 50°C for 30 s. MiR-30e-5p and MTA1 levels were respectively normalized to U6 snRNA (U6, E22001-E22010, GenePharma) and GAPDH levels by the 2^−△△CT^ method \[[@B23]\]. GAPDH was synthetized by Sangon Biotech. The sequences of primers used are listed in [Table 2](#T2){ref-type="table"}.

###### Primer sequences used for quantitative real-time polymerase chain reaction (qRT-PCR)

  Genes                  Primer sequences(5 ´-3 ´)
  ------------ --------- ---------------------------
  miR-30e-5p   Forward   GGGTGTAAACATCCTTGAC
               Reverse   TGCGTGTCGTGGAGTC
  MTA1         Forward   GACCAGGCAGGCTTTCTATC
               Reverse   CTG TTGATGGGCAGGTAGG
  U6           Forward   CTCGCTTCGGCAGCACA
               Reverse   AACGCTTCACGAATTTGCGT
  GADPH        Forward   GCTTCGGCAGCACATATACTAAAAT
               Reverse   CGCTTCACGAATTTGCGTGTCAT

Cell counting kit-8 (CCK-8) assay {#sec2-6}
---------------------------------

The cell viability was measured by CCK-8 (CA1210, Solarbio) following the manufacturer's protocol. The NPC cells (1 × 10^3^/well) were cultivated on 96-well plates for 24, 48, and 72 h, and added with CCK-8 solution (10 μl) for cultivation for another 4 h. Finally, the absorbance was determined at 450 nm by a microplate reader (SpectraMax iD5, Molecular Devices, U.S.A.).

Scratch wound healing assay {#sec2-7}
---------------------------

The 5-8F (2.5 × 10^4^/well) and 6-10B cells (2.5 × 10^4^/well) were cultured to 80--90% confluence in the six-well plates. The medium was discarded, confluent 5-8F and 6-10B were scratched using a 10 μl tip, washed by serum-free RIPM 1640 medium, and incubated for 48 h. Cell migration was examined by counting migrated cells from five random fields of each chamber under a 100× inverted microscope (Ts2r-FL, Nikon, Japan). The following formula \[(1 -- the distance following healing/the distance prior to healing) × 100%\] was used to calculated relative migration rates of 5-8F and 6-10B cells.

Transwell assay {#sec2-8}
---------------

Cell invasion of 5-8F and 6-10B cells was assessed by transwell chambers (8-μm pores, Corning Inc., Corning, U.S.A.) coated with Matrigel gel (BD Biosciences, San Jose, CA). The 5-8F and 6-10B cells (1 × 10^5^/cells) were cultivated into the upper chambers of Transwell (Corning Inc., Corning, U.S.A.), which contained 200 μl DMEM, while 500 μl DMEM medium containing 10% FBS was added into the lower wells as the primers. After 48 h at 37°C, 5-8F and 6-10B cells remaining in the upper surface were scraped off by a cotton swab, while those migrated into the lower surface were fixed by 4% pre-cold methanol for 15 min, and stained by 0.1% Crystal Violet solution (Sigma-Aldrich) for 20 min at room temperature. The cells were counted from a minimum of 10 fields per filter under a 200× microscope (Ts2r-FL, Nikon, Japan).

Western blot assay {#sec2-9}
------------------

Lysates of 5-8F and 6-10B cells were quickly lysed for protein isolation, and the expressions of migration-related proteins (vimentin and Snail), invasion-related proteins (MMP2 and MMP3) and MTA1 protein were determined. The total proteins were extracted from 5-8F and 6-10B cells using RIPA buffer (R0010, Solarbio) with a complete protease inhibitor cocktail (539133, Merck) and reacted on ice for 30 min. Next, the supernatants were collected and the protein concentration of supernatants was measured by BCA protein assay kit (Solarbio).

After protein centrifugation and quantification, the supernatants (30 μg/lane) were separated on 6--24% SDS-PAGE gels for protein detection, and the proteins were transferred onto polyvinylidene difluoride membranes (PVDF, Millipore Corp. Bedford, MA, U.S.A.). Subsequently, the membranes were blocked by 5% (w/v) skimmed milk for 1 h under 37°C, and then exposed to the specific primary antibodies \[anti-vimentin (Rabbit, 1:1000, ab92547, Abcam, U.S.A.); anti-Snail antibody (Goat, 1:500, ab53519, Abcam, U.S.A.); anti-MMP2 (Rabbits, 1:2000, ab37150, Abcam, U.S.A.); anti-MMP3 (Rabbit, 1:1000, ab52915, Abcam, U.S.A.); anti-MTA1 (Rabbit, 1:2000, ab71153, Abcam, U.S.A.); anti-GAPDH antibody (Mouse, 1:500, ab8245, Abcam, U.S.A.)\] at 4°C overnight, with the same species IgG used as the internal control. Next, the membranes were incubated with HRP-conjugated secondary antibody (Goat Anti-Mouse, 1:2000, ab205719, Abcam, U.S.A.), HRP-conjugated secondary antibody (Goat Anti-Rabbit, 1:2000, ab205718, Abcam, U.S.A.) and HRP-conjugated secondary antibody (Donkey Anti-Goat, 1:2000, ab205723, Abcam, U.S.A.) at 37°C for 2 h, and then washed three times at an interval of 10 min. Finally, specific protein signals were developed by ECL detection kit (ECL, Premega, U.S.A.), and target bands was visualized by ImageJ software (Image J 1.8.0, National Institute of Health).

Statistical analysis {#sec2-10}
--------------------

The data were shown as mean ± standard deviation (S.D.). Chi-square test was used to determine the correlation between miR-30e-5p and clinical features of NPC patients. The significant difference between cancer and normal samples of HNSC was analyzed by StarBase v3.0 project. Kaplan--Meier plots were plotted by log-Rank test. Paired *t*-test was performing for comparison of paired samples. The comparison between two different groups was performed by Student's *t* test, while comparisons among multiple groups were conducted by one-way ANOVA analysis of variance followed by Bonferroni *post hoc test.* A *P*\<0.05 was considered to be a statistical significance, and analyses were performed using SPSS 17.0 software (SPSS, Inc., Chicago, IL, U.S.A.).

Results {#sec3}
=======

Low expression of miR-30e-5p was related to the adverse clinicopathological features of NPC patients {#sec3-1}
----------------------------------------------------------------------------------------------------

NPC patients were divided into two groups according to the cut-off value, which was defined as the median value of the miR-30e-5p expression as follows: miR-30-5p low expression group (lower than the median level, *n* = 33) and miR-30e-5p high expression group (higher than the median level, *n* = 29). No statistically significant differences were found in age and gender between miR-30e-5p low expression and miR-30e-5p high expression groups ([Table 1](#T1){ref-type="table"}, *P* \> 0.05), suggesting that the data had comparative significance. As shown in [Table 1](#T1){ref-type="table"}, low-expressed miR-30e-5p was obviously associated with more advanced tumor-node-metastasis (TNM) stage (*P* = 0.003) and with the occurrence of metastasis of NPC (*P*\<0.001). The clinical data revealed that low-expressed miR-30e-5p was related to the adverse clinicopathological features of NPC patients.

The expression level of miR-30e-5p in NPC tissues and cells {#sec3-2}
-----------------------------------------------------------

StarBase v3.0 predicted that miR-30e-5p was differentially expressed in cancer (*n* = 497) and normal samples (*n* = 44), and that miR-30e-5p expression was reduced in HNSC cancer samples ([Figure 1](#F1){ref-type="fig"}A, *P* = 9.3e^−17^). Moreover, the data revealed that the survival chance of HNSC patients in miR-30e-5p high expression group was significantly higher than those in miR-30e-5p low expression group, suggesting that high-expressed miR-30e-5p is predictive of a better prognosis of HNSC ([Figure 1](#F1){ref-type="fig"}B, *P* = 0.0058). To validate the prediction, the level of miR-30e-5p expression in clinical samples obtained from NPC patients was determined by qRT-PCR, and the result showed that expression of miR-30e-5p was obviously reduced in NPC tissues than that in normal tissues ([Figure 1](#F1){ref-type="fig"}C, *P*\<0.01), and the most obvious reduction was found in NPC tissues with metastasis ([Figure 1](#F1){ref-type="fig"}D, *P*\<0.01). Moreover, miR-30e-5p expression was reduced in five NPC cells line compared with the NP69 cell line ([Figure 1](#F1){ref-type="fig"}E, *P*\<0.01). The data suggested that miR-30e-5p functioned as tumor-suppressor in NPC progression and was involved in the metastasis of NPC.

![The miR-30e-5p expression in tissues and cells of nasopharyngeal carcinoma (NPC) was detected\
(**A**) MiR-30e-5p with differential expression in normal samples and cancer of head and neck squamous cell (HNSC) was predicted by StarBase v3.0 project. (**B**) Overall survival for miR-30e-5p in HNSC cancer was predicted by log-rank test. (**C**) MiR-30e-5p expression was detected by quantitative real-time polymerase chain reaction (qRT-PCR) in NPC tissues and normal tissues; \*\**P*\<0.01 vs. Normal. (**D**) MiR-30e-5p expression was detected by qRT-PCR in NPC tissues with or without metastasis; \*\**P*\<0.01 vs. NPC without metastasis. (**E**) MiR-30e-5p expression in five NPC cell lines and NP69 cell line was detected by qRT-PCR; \*\**P*\<0.01 vs. NP69. (**F**) The relationship between miR-30e-5p expression and overall survival of NPC patients was analyzed by Kaplan--Meier. (**G**) The relationship between miR-330e expression and disease-free survival of NPC patients was analyzed by Kaplan--Meier. U6 was used as internal reference. The data were shown as mean ± standard deviation (S.D.).](bsr-40-bsr20194309-g1){#F1}

Kaplan--Meier plots showed that overall survival rates of NPC patients in miR-30e-5p high expression group and miR-30e-5p low expression group was 79.9 % and 60.0 %, respectively ([Figure 1](#F1){ref-type="fig"}F, *P* = 0.041), and that disease-free survival rates in miR-30e-5p high expression group and miR-30e-5p low expression group was 71.0 % and 50.7 %, respectively ([Figure 1](#F1){ref-type="fig"}G, *P* = 0.045). These findings showed that higher expression of miR-30e-5p was predictive of a better prognosis of NPC patients, which was consistent with the result of overall survival for miR-30e-5p in HNSC cancer.

MiR-30e-5p inhibited the viability, migration and invasion of NPC cells {#sec3-3}
-----------------------------------------------------------------------

The functional effects of miR-30e-5p in NPC cells were investigated. We respectively transfected miR-30e-5p mimic and inhibitor into 5-8F and 6-10B cells to investigate the role of miR-30e-5p in NPC progression.

The qRT-PCR data demonstrated that miR-30e-5p mimic significantly increased the miR-30e-5p expression in 5-8F cells ([Figure 2](#F2){ref-type="fig"}A, *P*\<0.01). Three time points (24, 48 and 72 h) were determined for cell viability experiments for confirming the time point when miR-30e-5p mimic exerted effects on cell viability. CCK-8 assay showed that increased miR-30e-5p expression significantly reduced viability of 5-8F cells at 48 and 72 h ([Figure 2](#F2){ref-type="fig"}C, *P*\<0.05).

![MiR-30e-5p inhibited the viability, migration and invasion of NPC cells\
(**A**) Transfection efficiency of miR-30e-5p mimic into 5-8F cells was determined by quantitative real-time polymerase chain reaction (qRT-PCR); \*\**P*\<0.01 vs. Blank, ^\#\#^*P*\<0.01 vs. Mimic control. (**B**) Transfection efficiency of miR-30e-5p inhibitor in 6-10B cells was determined by qRT-PCR; \**P*\<0.05 vs. Blank, ^\#^*P*\<0.05 vs. Inhibitor control. The effects of miR-30e-5p mimic on viability (**C**), migration (**E** and**F**) and invasion (**H** and **J**) of 5-8F were determined by CCK-8 assay, scratch test and transwell assay, respectively; \**P*\<0.05, \*\**P*\<0.01 vs. Blank, ^\#^*P*\<0.05, ^\#\#^*P*\<0.01 vs. Mimic control. The effects of miR-30e-5p inhibitor on viability (**D**), migration (**E** and**G**) and invasion (**I** and **J**) of 6-10B cells were determined by CCK-8 assay, scratch test and transwell assay, respectively; \**P*\<0.05, \*\**P*\<0.01 vs. Blank, ^\#^*P*\<0.05, ^\#\#^*P*\<0.01 vs. Inhibitor control. The data were shown as mean ± standard deviation (S.D.).](bsr-40-bsr20194309-g2){#F2}

Scratch and transwell experiments showed that up-regulated miR-30e-5p obviously suppressed migration ([Figure 2](#F2){ref-type="fig"}E,F, *P*\<0.01) and invasion ([Figure 2](#F2){ref-type="fig"}H,J, *P*\<0.05) of 5-8F cells.

To further verify the effect of miR-30e-5p on the viability, migration and invasion of NPC cells, miR-30e-5p expression was down-regulated in the cells using miR-30e-5p inhibitor. The qRT-PCR experiment showed that miR-30e-5p inhibitor obviously reduced miR-30e-5p expression of 6-10B cells ([Figure 2](#F2){ref-type="fig"}B, *P*\<0.05). Down-regulation of miR-30e-5p obviously reduced cell viability at 48 and 72 h. ([Figure 2](#F2){ref-type="fig"}D, *P*\<0.05), and significantly increased migration ([Figure 2](#F2){ref-type="fig"}E,G, *P*\<0.05) and invasion ([Figure 2](#F2){ref-type="fig"}I,J, *P*\<0.01) of 6-10B cells.

MiR-30e-5p inhibited the levels of migration-related and invasion-related proteins of NPC cells {#sec3-4}
-----------------------------------------------------------------------------------------------

In consistent with the results of migration and invasion assays, Western blot assay showed that increasing miR-30e-5p expression obviously decreased relative expressions of migration-related proteins (vimentin and Snail) and invasion-related proteins (MMP-2 and MMP-3) of 5-8F cells ([Figure 3](#F3){ref-type="fig"}A, *P*\<0.05 or *P*\<0.01), while reducing miR-30e-5p expression significantly increased relative expressions of migration-related proteins (vimentin and Snail) and invasion-related proteins (MMP-2 and MMP-3) of 6-10B cells ([Figure 3](#F3){ref-type="fig"}B, *P*\<0.01).

![The expression levels of migration- and invasion-related proteins in 5-8F and 6-10B cells\
(**A**) The levels of migration-related proteins (vimentin and Snail) and invasion-related proteins (MMP2 and MMP3) in 5-8Fcells were determined by Western blot assay; \**P*\<0.05, \*\**P*\<0.01 vs. Blank, ^\#^*P*\<0.05, ^\#\#^*P*\<0.01 vs. Mimic control. (**B**) The levels of migration-related proteins (vimentin and Snail) and invasion-related proteins (MMP2 and MMP3) in 6-10B cells were determined by Western blot assay; \*\**P*\<0.01 vs. Blank, ^\#\#^*P*\<0.01 vs. Inhibitor control. GAPDH was used as internal reference. The data were shown as mean ± standard deviation (S.D.).](bsr-40-bsr20194309-g3){#F3}

MiR-30e-5p directly regulated MTA1 expression in NPC cells {#sec3-5}
----------------------------------------------------------

To explain the underlying molecular mechanism about the functional effect of miR-30e-5p in NPC cells, we used bioinformatics methods to identify the downstream target of miR-30e-5p. Targetscan7.2 found that MTA1 had possible binding sites in miR-30e-5p ([Figure 4](#F4){ref-type="fig"}A), and dual-luciferase reporter verified that miR-30e-5p could bind to the 3′UTR of MTA1. We observed that up-regulated miR-30e-5p obviously reduced the luciferase activity of MTA1-MT ([Figure 4](#F4){ref-type="fig"}B, *P*\<0.01), but did not affect that of the MTA1-MUT ([Figure 4](#F4){ref-type="fig"}B). Moreover, down-regulation of miR-30e-5p significantly increased the luciferase activity of MTA1-MT ([Figure 4](#F4){ref-type="fig"}C, *P*\<0.01), whereas that of MTA1-MUT was not affected ([Figure 4](#F4){ref-type="fig"}C).

![MiR-30e-5p directly regulated MTA1 expression in NPC cells\
(**A**) Prediction of MTA1 contained a target site for miR-30e-5p by Targetscan7.2. (**B** and **C**) Dual-luciferase reporter assay showed that MTS1 was a target of miR-30e-5p. The relative MTA1 protein (**D**) and relative MTA1 expression (**E**) levels in 5-8F cells were determined by quantitative real-time polymerase chain reaction (qRT-PCR) and Western blot assays, respectively; \*\**P*\<0.01 vs. Blank, ^\#\#^*P*\<0.01 vs. Mimic control. The relative MTA1 protein (**F**) and relative MTA1 expression (**G**) levels in 6-10B cells were determined by qRT-PCR and Western blot assays, respectively; \*\**P*\<0.01 vs. Blank, ^\#\#^*P*\<0.01 vs. Inhibitor control. GAPDH was used as internal reference. The data were shown as mean ± standard deviation (S.D.).](bsr-40-bsr20194309-g4){#F4}

QRT-PCR and Western blot assays were performed to further explore the interaction between miR-30e-5p and MTA1 of NPC cells, and the data revealed that up-regulated miR-30e-5p obviously decreased the mRNA and protein expressions of MTA1 of the 5-8F cells ([Figure 4](#F4){ref-type="fig"}D,E, *P*\<0.01), while down-regulation of miR-30e-5p obviously increased the mRNA and protein expression of MTA1 of the 6-10B cells ([Figure 4](#F4){ref-type="fig"}F,G, *P*\<0.01). The data demonstrated that MTA1 not only was a downstream target of miR-30e-5p, its expression was directly regulated by miR-30e-5p in NPC cells.

MiR-30e-5p completely reversed the effect of MTA1 on migration and invasion of NPC cells {#sec3-6}
----------------------------------------------------------------------------------------

The effect of MTA1 on 5-8F and 6-10B cells was explored to further invesitgate whether MTA1 was a functional mediator of miR-30e-5p in NPC cells. The data showed that compared with negative control (NC) group, MTA1 expression of 5-8F cells was obviously increased in MTA1 group ([Figure 5](#F5){ref-type="fig"}A, *P*\<0.01), while MTA1 expression of 5-8F cells was obviously decreased in miR-30e-5p mimic (Mimic) + NC group ([Figure 5](#F5){ref-type="fig"}A, *P*\<0.01). MTA1 expression of Mimic + MTA1 group was obviously lower than that of MTA1 group ([Figure 5](#F5){ref-type="fig"}A, *P*\<0.05), but obviously higher than that of Mimic + NC group in 5-8F cells ([Figure 5](#F5){ref-type="fig"}A, *P*\<0.01). In contrast, compared with siRNA negative control (siNC) group, level of MTA1 expression of 6-10B cells was significantly reduced in siMTA1 group ([Figure 5](#F5){ref-type="fig"}B, *P*\<0.01), while that in miR-30e-5p inhibitor (Inhibitor) + NC group was significantly increased ([Figure 5](#F5){ref-type="fig"}B, *P*\<0.01). Moreover, the level of MTA1 expression of 6-10B cells in Inhibitor + siMTA1 group was observed higher compared with that in siMTA1 group ([Figure 5](#F5){ref-type="fig"}B, *P*\<0.05), but was obviously lower compared with that in Inhibitor + NC group ([Figure 5](#F5){ref-type="fig"}B, *P*\<0.01).

![MiR-30e-5p completely reversed the effect of MTA1 on migration and invasion of NPC cells\
(**A**) Relative TA1 expression levels of NC, MTA1, Mimic + NC and Mimic + MTA1 groups in 5-8F cells were determined by quantitative real-time polymerase chain reaction (qRT-PCR); \*\**P*\<0.01 vs. NC, ^\#^*P*\<0.05 vs. MTA1, ^∧∧^*P*\<0.01 vs. Mimic + NC. (**B**) Relative MTA1 expression levels of siNC, siMTA1, Inhibitor + siNC, and Inhibitor + siMTA1 groups in 6-10B cells were determined by qRT-PCR; \*\**P*\<0.01 vs. siNC, ^\#^*P*\<0.05 vs. siMTA1, ^∧∧^*P*\<0.01 vs. Inhibitor + siNC. (**C** and**E**) Relative migration rates of 5-8F cells in NC, MTA1, Mimic + NC, and Mimic + MTA1 groups were determined by scratch test; \**P*\<0.05, \*\**P*\<0.01 vs. NC, ^\#^*P*\<0.05 vs. MTA1, ^∧∧^*P*\<0.01 vs. Mimic + NC. (**D** and **E**) Relative migration rates of 6-10B cells in siNC, siMTA1, Inhibitor + siNC, and Inhibitor + siMTA1 groups were determined by scratch test; \**P*\<0.05, \*\**P*\<0.01 vs. siNC, ^\#\#^*P*\<0.01 vs. siMTA1, ^∧^*P*\<0.05 vs. Inhibitor + siNC. (**E**) The migration distance in 5-8F and 6-10 cells were pictured under an inverted microscope. (**F** and**G**) Relative invasion rates of NC, MTA1, Mimic + NC and Mimic + MTA1 groups in 5-8F cells were determined by transwell assay; \**P*\<0.05, \*\**P*\<0.01 vs. NC, ^\#\#^*P*\<0.01 vs. MTA1, ^∧^*P*\<0.05 vs. Mimic + NC. (**F** and **H**) Relative invasion rates of 6-10B cells in siNC, siMTA1, Inhibitor + siNC and Inhibitor + siMTA1 groups were determined by transwell assay; \**P*\<0.05, \*\**P*\<0.01 vs. siNC, ^\#\#^*P*\<0.01 vs. siMTA1, ^∧∧^*P*\<0.01 vs. Inhibitor + siNC. GAPDH was used as internal reference. (**A**, **C** and **G**) \**P*\<0.05, \*\**P*\<0.01 vs. NC, ^\#^*P*\<0.05, ^\#\#^*P*\<0.01 vs. MTA1, ^∧^*P*\<0.05, ^∧∧^*P*\<0.01 vs. Mimic + NC. (**B, D** and **H**) \**P*\<0.05, \*\**P*\<0.01 vs. siNC, ^\#^*P*\<0.05, ^\#\#^*P*\<0.01 vs. siMTA1, ^∧^*P*\<0.05, ^∧∧^*P*\<0.01 vs. Inhibitor + siNC. The data were shown as mean ± standard deviation (S.D.).](bsr-40-bsr20194309-g5){#F5}

From migration and invasion experiments, we found that migration and invasion rates of the NCP cells were significantly increased by MTA1 transfection ([Figure 5](#F5){ref-type="fig"}C, E--G, *P*\<0.05 or *P*\<0.01), which was significantly reversed by miR-30e-5p mimic in 5-8F cells ([Figure 5](#F5){ref-type="fig"}C,E--G, *P*\<0.01). Moreover, migration and invasion of 6-10B cells were significantly decreased by siMTA1 transfection ([Figure 5](#F5){ref-type="fig"}D,E,F,H, *P*\<0.05, *P*\<0.01), but obviously reversed by miR-30e-5p inhibitor ([Figure 5](#F5){ref-type="fig"}D--F,H, *P*\<0.05, *P*\<0.01). Taken together, these data demonstrated that miR-30e-5p suppressed migration and invasion of NPC by negatively regulating MTA1 expression.

MiR-30e-5p completely reversed the effect of MTA1 on migration and invasion-related proteins of NPC cells {#sec3-7}
---------------------------------------------------------------------------------------------------------

The data showed that compared with negative control (NC) group, levels of migration-related proteins (vimentin and Snail) and invasion-related proteins (MMP-2 and MMP-3) were obviously increased in MTA1 group of 5-8F cells, and noticeably reduced in miR-30e-5p mimic (Mimic) + NC group ([Figure 6](#F6){ref-type="fig"}A, *P*\<0.01). Levels of migration-related proteins (vimentin and Snail) and invasion-related proteins (MMP-2 and MMP-3) in Mimic + MTA1 group were obviously lower than those in MTA1 group ([Figure 6](#F6){ref-type="fig"}A, *P*\<0.01). In contrast, compared with siRNA negative control (siNC) group, levels of migration-related proteins (vimentin and Snail) and invasion-related proteins (MMP-2 and MMP-3) in siMTA1 group were significantly decreased in 6-10B cells, while those of miR-30e-5p inhibitor (Inhibitor) + NC group were greatly increased ([Figure 6](#F6){ref-type="fig"}B, *P*\<0.01). Moreover, levels of migration-related proteins (vimentin and Snail) and invasion-related proteins (MMP-2 and MMP-3) of 6-10B cells in Inhibitor + siMTA1 group were higher compared with those of siMTA1 group ([Figure 6](#F6){ref-type="fig"}B, *P*\<0.01).

![MiR-30e-5p completely reversed the effect of MTA1 on migration and invasion-related proteins of NPC cells\
(**A**) The levels of migration-related proteins (vimentin and Snail) and invasion-related proteins (MMP2 and MMP3) in 5-8Fcells were determined by Western blot assay; \**P*\<0.05, \*\**P*\<0.01 vs. NC, ^\#\#^*P*\<0.01 vs. MTA1, ^∧^*P*\<0.05, ^∧∧^*P*\<0.01 vs. Mimic+NC. (**B**) The levels of migration-related proteins (vimentin and Snail) and invasion-related proteins (MMP2 and MMP3) in 6-10B cells were determined by Western blot assay; \**P*\<0.05, \*\**P*\<0.01 vs. siNC, ^\#\#^*P*\<0.01 vs. siMTA1, ^∧^*P*\<0.05, ^∧∧^*P*\<0.01 vs. Inhibitor+siNC. GAPDH was used as internal reference. The data were shown as mean ± standard deviation (S.D.).](bsr-40-bsr20194309-g6){#F6}

Discussion {#sec4}
==========

Eighty-six thousand and five hundred patients were diagnosed with NPC in 2012 worldwide, and 71% of new cases occurred in East and Southeast Asia \[[@B24]\]. NPC showed high incidence and mortality China in 2013, bringing the need for disease control and prevention \[[@B25]\]. Though significant progress has been made in the treatment of NPC, the long-term prognosis of NPC patients is not satisfactory \[[@B7]\].

At present, targeted molecular therapies are seen as promising strategies for treating NPC, with fewer side effects compared with traditional treatments \[[@B26]\]. MiRNAs act as therapeutic targets and biomarkers for diagnosis and prognosis of human cancers \[[@B27]\]. By starBase prediction in HNSC cancer samples and conducting qRT-PCR assay on NPC clinical tissues and cell lines, the present study found that low-expressed miR-30e-5p was related to more advanced TNM stage and metastasis of the NPC patients, while high-expressed miR-30e-5p was predictive of a better prognosis of the patients. The data above revealed that miR-30e-5p acted as a tumor suppressor and biomarkers for diagnosis and prognosis of NPC progression, suggesting that miR-30e-5p might be a potential therapeutic target for the treatment of metastatic NPC.

To confirm whether miR-30e-5p functioned as a novel effective target during NPC progression, we investigated its effect on cell viability, migration and invasion of 5-8F and 6-10B cells. The data above have revealed the relationship between miR-30e-5p and metastasis of NPC, and also suggested that miR-30e-5p suppressed the development of NPC by preventing the metastasis of NPC cells. Abnormal proliferation plays an important role in cancerization, and NPC is primarily biologically characterized by local invasion and distant metastasis \[[@B28]\]. Migration commonly refers to any directed cell movement within the body, and invasion of carcinomas signifies cell penetration across tissue barriers \[[@B29]\]. Migration and invasion of cancer cells allow the detachment from the primary tumor site and the spread of cancer within tissues \[[@B30]\]. Researchers have reported that miR-30e-5p is involved in the migration and invasion of different types of cancer. Zhang et al. indicated that cell proliferation and migration of bladder cancer are suppressed by miR-30e-5p \[[@B20]\]. MiR-30e-5p is induced by P53 to inhibit invasion and metastasis of colorectal cancer \[[@B19]\]. In this research, we found that overexpression of miR-30e-5p inhibited the viability, migration and invasion of 5-8F cells, but also reduced the expression levels of migration- and invasion-related proteins of 5-8F cells, while miR-30e-5p knockdown promoted the viability and migration and invasion of 6-10B cells, but also reduced the expression levels of migration- and invasion-related proteins of 6-10B cells. The data supported that miR-30e-5p functioned as a potential tumor suppressor in inhibiting the viability and metastasis of NPC cells. Consistent with our findings, a recent study also showed that miR-30e-5p suppressed proliferation and metastasis of NPC cells \[[@B28]\].

MiRNAs mainly exert their biological effects through modulating target genes \[[@B31]\]. Targetscan7.2. predicted that MTA1 is a potential target gene of miR-30e-5p in NPC cells, and the prediction was further verified by dual-luciferase reporter assay, qRT-PCR and WWestern blot analysis. Previous study demonstrated that miR-30e-5p regulates MTA1 transcription through binding to its 3′-untranslated region in hepatocellular carcinoma \[[@B32]\]. Metastasis-associated gene 1 (MTA1), a component of histone deacetylase 1 involved in chromatin remodeling, is first cloned from the highly metastatic and non-metastatic rat mammary adenocarcinoma cell line using differential cDNA library screening \[[@B33]\]. MTA1, a cancer progression-related gene product, was correlated with tumorigenesis including invasion and metastasis \[[@B34]\]. MTA1 promotes NPC growth *in vitro* and *in vivo* \[[@B35]\]. MTA1 served as a novel biomarker for indicating metastatic potential of NPC, and also as a possible therapeutic target for the treatment of NPC with metastasis \[[@B36]\]. The current findings extended previous observations about the effect of AMTA1 on NPC development; moreover, we also found that the change of MTA1 expression reversed the functional effect of miR-30e-5p on the metastasis of NC cells, suggesting that MTA1 is also a functional downstream mediator of miR-30e-5p in NPC cells. Similar research has reported that MTA1 targeted by miR-183 overexpression to inhibit tumorigenesis of NPC \[[@B37]\].

Our findings demonstrated that miR-30e-5p expression could improve the prognosis of NPC by preventing metastasis of NPC, and further revealed underlying molecular mechanism of miR-30e-5p in suppressing the progression of NPC cells through the inhibition of MTA1 expression. Vimentin is a cellular-adhesion molecule in cell migration and invasion processes of tumor cells \[[@B38]\]. Vimentin promotes NPC cell migration and invasion \[[@B39]\]. High expression of epithelial-to-mesenchymal transition (EMT) marker Snail is indicative of high metastatic potential in NPC \[[@B40]\]. The inhibition of MMP2 was associated with the inhibition of NPC cell metastasis \[[@B41]\]. Tumor cell migration could be stimulated by MMP3 secretion in NPC tumor cells \[[@B42]\], In our study, miR-30e-5p inhibited the expressions of vimentin, Snail, MMP2 and MMP3, and promoted cell migration and invasion inhibition, while the function of miR-30e-5p could be reversed by MTA1, indicating that the function of miR-30e-5p on cell migration and invasion of NPC cells might be related to migration-related factors (vimentin and Snail) and invasion-related factors (MMP2 and MMP3). However, it was a limitation not investigating more markers such as E-cadherin, which is related to EMT, this is because attention was paid to migration-related factors (vimentin and Snail) and invasion-related factors (MMP2 and MMP3). Our study found that miR-30e-5p played a pivotal role in modulating the migration and invasion of NPC cells, suggesting that miR-30e-5p might be a potential therapeutic target for NPC patients with metastasis.

Conclusion {#sec5}
==========

MiR-30e-5p acts as a tumor suppressor in the progression of NPC cells by exerting its effects on migration and invasion of NPC cells through direct targeting MAT1. The present study investigated the underlying molecular target and mechanism of NPC treatment, and provided a possible target for therapy of NPC patients. Moreover, the results of the present study will be further examined and verified by conducting *in vivo* experiment using rats.
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